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Background: Clinacanthus nutans (Burm. f.) Lindau leaves are widely used by cancer patients and the leaf extracts
possess cytotoxic and antiproliferative effects on several human cancer cell lines. However, the effect of C. nutans
leaf extract on human melanoma, which is the least common but most fatal form of skin cancer and one of the
most common cancers diagnosed in both sexes worldwide, is unknown. There is also limited information on
whether the bioactivity of extracts differs between C. nutans leaves grown in different geographical locations with
varying environmental conditions.
Methods: The present study, for the first time, compared and demonstrated the cytotoxicity of the crude methanol
extracts of C. nutans leaves from 11 different locations in Malaysia, Thailand and Vietnam, with diverse
environmental conditions against D24 melanoma cells through WST-8 assay. The percentage of apoptotic cells
following treatment with the most active extract was determined in a dose- and time-dependent manner by a
cytofluorometric double staining technique. Biochemical and morphological changes in the treated and untreated
cells were examined by fluorescence and transmission electron microscopy techniques, respectively, to further
affirm the induction of apoptosis.
Results: The leaves of plants grown at higher elevations and lower air temperatures were more cytotoxic to the
D24 melanoma cells than those grown at lower elevations and higher air temperatures, with the leaf extract from
Chiang Dao, Chiang Mai, Thailand exhibited the highest cytotoxicity (24 h EC50: 0.95 mg/mL and 72 h EC50: 0.
77 mg/mL). This most active crude extract induced apoptotic cell death in the D24 cells in a dose- and time-
dependent manner. Typical biochemical and morphological characteristics of apoptosis were also observed in the
treated D24 cells.
Conclusions: The results, showing the cytotoxicity of C. nutans and the induction of apoptosis in D24 cells, are
significant and useful to facilitate the development of C. nutans as a potential novel chemotherapeutic agent for
the management of skin melanoma.
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Cancer remains the leading cause of morbidity and mor-
tality worldwide, with an estimated 14 million new cases
and 8.2 million cancer related deaths in 2012. The number
of new cases is predicted to rise by ~ 70 % over the next
20 years [1]. Melanoma is a type of skin cancer, charac-
terised as a neoplastic disorder of the epidermal pigment-
producing cells known as melanocytes [2]. Melanoma is
the least common but most fatal form of skin cancer and
it has increased two-fold in the past two decades [3]. It is
one of the most common cancers diagnosed in men and
women worldwide, where 232,130 incidences were esti-
mated in 2012 [4]. Although melanoma can be surgically
treated at early stages, it is an aggressive tumour with ad-
vanced disease defined by widespread metastatic lesions
and the tumour has been reported to be resistant to most
forms of cancer treatment [5]. Therefore, it has become
an increasingly critical public health concern and novel
treatment options are urgently required.
Besides surgery, cytotoxic chemotherapeutic drugs
have also been used to treat melanoma [6]. However,
these drugs can cause severe adverse effects and multi-
drug resistance [7–9], which remain a major dilemma to
many cancer patients. Recently, there has been an in-
creasing interest in the areas of natural products for
novel and bioactive molecules for cancer drug discovery
due to their general availability, safety and low toxicity,
which may cause lesser side effects [10]. Phytochemicals
from roots, bulbs, barks, stems, flowers and leaves have
been shown to have anticancer property [11]. These
compounds can be potential sources of anticancer
agents and new drug synthesis [12].
Clinacanthus nutans (Burm. f.) Lindau is a medicinal
plant native to Southeast Asia with reported bioactivities,
such as anti-inflammatory [13], antioxidant [14–18], anti-
diabetic [18], antimicrobial [16] and antiviral against her-
pes simplex virus (HSV) type 1 [19–21] and 2 [21, 22],
varicella-zoster virus (VZV) [23], human papillomavirus
(HPV) [24] and dengue virus [25]. Moreover, C. nutans
leaves also possess antiproliferative effects on human
erythroleukemia (K-562), Burkitt’s lymphoma (Raji) and
cervical carcinoma (HeLa) cells [15, 16]. However, the
cytotoxicity of C. nutans leaf extract against melanoma
cells, how it induces cell death as well as the effect of col-
lection sites are still unknown. Therefore, the current
study aimed to i) investigate and compare the cytotoxicity
of the crude methanol extracts of C. nutans leaves col-
lected from 11 different locations with varying environ-
mental characteristics against the D24 melanoma cells, ii)
evaluate the cytotoxic effect and selectivity of the extract
against the D24 cells in a dose- and time-dependent man-
ner and iii) examine the possible death mode of the D24
cells induced by the extract using biochemical and micros-
copy techniques.Methods
Plant materials
Fresh leaves of 11 C. nutans samples grown under differ-
ent environmental conditions were collected from
Peninsular Malaysia (CP), East Malaysia (CE), Thailand
(CT), and Vietnam (CV1) (Table 1). Geographic data, in-
cluding elevation, annual temperature (high, low and
mean) and rainfall of sampling sites was obtained from
DIVA-GIS version 7.5 software [26]. Prior to sample ex-
traction, all leaf pieces were thoroughly washed using
cold tap water. All samples were air dried in the shade
for seven days at 22 °C and stored as the whole leaf in
air-tight bags in darkness at 22 °C until further analysis.
Samples were identified by Mr Julius Kulip at Biology
Tropical and Conservation Institute, Universiti Malaysia
Sabah and deposited in Borneensis Herbarium,
Universiti Malaysia Sabah (voucher no. BORH 2093).
Preparation of crude extracts
A preliminary study on the total phenolic and flavonoid
content of the crude dicholoromethane, ethanol and
methanol extracts of C. nutans leaves showed that the
methanol extract had the highest levels of both pheno-
lics and flavonoids. Therefore, methanol was chosen as
the extraction solvent for the current study (Additional
file 1: Table S1). One gram of dried powdered C. nutans
leaves from each location was extracted with 50 mL of
methanol (MeOH) (Merck, Germany), on an orbital
shaker at a speed of 200 rpm at 22 °C for seven days.
The extracted solution was decanted, filtered with What-
man No. 1 filter paper and concentrated under reduced
pressure using a rotary evaporator (Buchi, Switzerland)
to produce the crude MeOH dried extract, which was
then stored at −20 °C for further analyses.
Cell line and culture conditions
D24 melanoma cells and human dermal fibroblasts
(NHDF) were cultured in RPMI 1640 medium con-
taining L-glutamine (Gibco, Life Technologies, USA)
and high-glucose DMEM medium with pyruvate and
L-glutamine (Gibco), respectively, supplemented with
10 % (v/v) FBS (Serana, Australia) and 1 % (v/v) peni-
cillin/streptomycin (Gibco). For all the experiments,
the cells were incubated for the indicated time under
the indicated treatment at 37 °C in a humidified
atmosphere of 5 % CO2.
Cytotoxicity assay
The cytotoxicity of the crude MeOH leaf extract of 11 C.
nutans samples was measured using the Cell Counting
Kit-8 (CCK-8) (Sigma-Aldrich, USA) according to the
manufacturer’s instructions. Briefly, the D24 and NHDF
cells were seeded at 5 × 103 cells/well in 96-well, flat bot-
tomed plates (Greiner, Austria). After 24 h, the cells were
Table 1 The sample codes, collection sites and environmental conditions of collected samples
Sample Country State/Province Region Environmental conditions
Tm (°C)
Elv (m) H L Rn (mm)
CP2 Malaysia Negeri Sembilan Seremban 83.4 31.2 22.4 2010.0
CE1 Malaysia Sabah Sandakan 158.7 30.8 22.9 2973.0
CE2 Malaysia Sabah Sandakan 74.9 30.8 22.9 2973.0
CE3 Malaysia Sabah Tawau 6.8 30.7 23.2 1975.0
CE4 Malaysia Sabah Kota Kinabalu 9.7 30.7 23.3 2818.0
CT1 Thailand Nakhon Pathom Map Khae 8.1 32.7 22.7 1237.0
CT2 Thailand Nakhon Pathom Map Khae 8.1 32.7 22.7 1237.0
CT3 Thailand Nakhon Pathom Salaya 4.3 32.5 23.4 1334.0
CT4 Thailand Chiang Mai San Sai 309.5 31.5 19.6 1191.0
CT5 Thailand Chiang Mai Chiang Dao 439.4 30.6 18.7 1261.0
CV1 Vietnam Ho Chi Minh Ho Chi Minh 2.2 31.9 23.1 1873.0
Abbreviation: Elv elevation; Tm mean annual temperature; H highest; L lowest; Rn mean annual rainfall
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DMSO (Sigma-Aldrich) with a final concentration of <
0.1 % (v/v) and incubated for 72 h. Cytotoxicity was mea-
sured at 450 nm using a microplate reader (CLARIOstar,
BMG Labtech, Germany). The percentage of viable cells
was determined relative to the vehicle control (<0.1 %
DMSO) using the following equation:
Viable cell %ð Þ ¼ absorbance of sample=absorbance of controlð Þ
 100
The vehicle control was expressed as 100 %. Only the
most active C. nutans sample (CT5) against the D24 cells as
determined in this assay were used for further experiments.
Determination of half maximal effective concentration (EC50)
The D24 and NHDF cells were seeded in 96-well plates as
described in the previous section. The cells were treated
with different concentrations (0–2 mg/mL) of the crude
CT5 MeOH leaf extract and incubated at 24 and 72 h. At
the end of each period, the percentage of viable cells was
determined using the CCK-8 method (cytotoxicity assay).
The percentage of viable cells was determined relative to
the vehicle control cells (100 %). The EC50 values were de-
termined from a non-linear regression model (curvefit)
based on the sigmoidal dose–response curve (variable)
and computed using GraphPad Prism version 6.05
(GraphPad Software, Inc., San Diego, USA).
Observation of D24 cell morphology by phase contrast
microscopy
Morphology of the untreated (control) D24 cells and
cells treated with 1 or 2 mg/mL of the MeOH extract
for 24 and 72 h, in 96-well plates (Greiner), were ob-
served using a Nikon Eclipse TS100 (Japan) invertedmicroscope under 20× objective. Images were captured
with the DS-Fi 1 camera and DS-L2 control unit.
Evaluation of apoptosis by Muse cytofluorometric analysis
Double staining with Annexin-7 and 7-AAD was per-
formed using the Muse Annexin V/Dead Cell Assay Kit
(Merck Millipore, Germany). The untreated and treated
D24 cells with 1 or 2 mg/mL of the MeOH extract for
24 and 72 h were harvested and resuspended in 100 μL
of tissue culture medium. Then, 100 μL of the fluorescent
reagent was added to the cell suspension and incubated for
20 min at 22 °C in the dark before being analysed for the
detection of early and late apoptotic cells using a Muse Cell
Analyzer (Merck Millipore). Based on the positivity of
Annexin V, corresponding to phosphatidylserine external-
isation in apoptotic cells and simultaneous detection of
dead cells, positive for the nuclear dye 7-AAD, the assay al-
lows the differentiation of four populations in each sample
by cytofluorometric separation on a Muse Cell Analyzer
(Merck Millipore): i) viable (lower left quadrant: Annexin
V−/7-AAD−), ii) early apoptotic (lower right quadrant:
Annexin V+/7-AAD−), iii) late apoptotic/necrotic (upper
right quadrant: Annexin V+/7-AAD+) and iv) cell debris
(upper left quadrant: Annexin V−/7-AAD+) cells.
Detection of apoptosis and necrosis by Annexin V/PI
double staining and confocal microscopy
The early and late apoptotic D24 cells were detected
using the Annexin V-FITC kit (Beckman Coulter, USA),
according to the manufacturer’s instructions with slight
modifications. After treating the D24 cells with 1 or
2 mg/mL of the MeOH extract for 72 h, the cultures
were stained with 1 μL of Annexin V-FITC (0.25 μg/mL)
for 15 min, followed by 0.5 μL of PI (0.125 μg/mL) for
5 min in the dark. The treated and untreated cells were
Table 2 Effect of the crude MeOH leaf extract of C. nutans
samples from 11 different locations at 2 mg/mL on the D24
cells after 72 h exposure as determined by WST-8
Sample Cell viability (% of control)
Mean ± SD (n = 3)
CP2 55.02 ± 10.95*
CE1 48.49 ± 9.39*
CE2 70.45 ± 11.32*
CE3 62.60 ± 10.48*
CE4 27.22 ± 6.24*
CT1 79.79 ± 14.10
CT2 80.16 ± 15.76
CT3 50.35 ± 13.75*
CT4 17.71 ± 6.25*
CT5 9.01 ± 4.62*
CV1 22.10 ± 3.95*
Note: * p ≤ 0.05, significantly different from vehicle control (<0.1 % DMSO)
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(Nikon Eclipse Ti-E A1, Japan) under 40× objective. The
excitation wavelengths for Annexin V-FITC and PI used
were 488 and 536 nm, respectively, while the emission
wavelengths were 525 and 617 nm, respectively. Based
on the principles of this technique, the normal cells
would not be stained by the two dyes (Annexin V-FITC
−/PI−); the early apoptotic cells would only be dyed by
Annexin V-FITC (Annexin V-FITC+/PI−); the late apop-
totic cells would be positive in both Annexin V-FITC
and PI staining (Annexin V-FITC+/PI+).
Ultra structural analysis by transmission electron
microscopy (TEM)
The D24 melanoma cells were treated with the MeOH
extract at 2 mg/mL for 72 h. Subsequently, the treated
and untreated cells were harvested and resuspended in
100 μL of 2.5 % (v/v) glutaraldehyde with 2 % (w/v)
paraformaldehyde in 0.1 M sodium cacodylate buffer,
pH 7.3 at 22 °C for 30 min. Cells were then pelleted at
800 × g for 5 min and rinsed with 100 μL of 0.1 M so-
dium cacodylate buffer for 5 min and repeated three
times. The cells were fixed in 100 μL of 1 % (w/v)
osmium tetroxide with 1.5 % (w/v) potassium ferrocyan-
ide at 22 °C for 1 h on an orbital shaker. After the
period, the cells were centrifuged at 800 × g for 5 min
and the supernatant was discarded. Then, the cells were
washed by resuspending them in 100 μL of distilled
water and were left on the orbital shaker for 10 min be-
fore centrifugation at 800 × g for 5 min. This step was
repeated twice. Dehydration was performed as follows:
the cells were first resuspended with 100 μL of 50 % (v/v)
ethanol and left on an orbital shaker for 15 min before
centrifugation at 800 × g for 5 min. The supernatant was
discarded and followed by resuspension in 100 μL of 70 %
(v/v) ethanol for 15 min, 100 μL of 90 % (v/v) ethanol for
15 min, 100 μL of 95 % (v/v) ethanol for 15 min, 100 μL
of 100 % (v/v) ethanol for 30 min twice and finally 100 μL
of 100 % (v/v) acetone for 30 min twice. Infiltration was
carried out twice with the acetone: Spurr’s resin (1:1) mix-
ture on a rotator, first overnight and then for 2 h at 22 °C.
This was followed by vacuum infiltration with fresh 100 %
Spurr’s resin for 2 h, repeated twice. Finally, the cells were
polymerised at 70 °C for 24 h. The cells were sectioned to
a thickness of 1 μm using a UCT ultramicrotome (Leica
Ultracut, Germany). The sections were observed at 80 kV
with a JEOL JEM 1010 (Japan) transmission electron
microscope and images were examined using the Gatan
Microscopy Suite software version 2.3 [27].
Statistical analysis
All assays and cell experiments were performed in tripli-
cate, unless otherwise indicated and the results presented
as mean ± SD. Data was analysed using statistical softwareMinitab 17 [28]. Significant difference was determined
using ANOVA Fisher’s test at p ≤ 0.05 significance level.Results
Comparison of cytotoxicity of the crude methanol
extracts of C. nutans leaves obtained from different
locations against the D24 melanoma cells
There were differences in levels of cytotoxicity of the
MeOH extracts (2 mg/mL) of C. nutans leaves from 11
different locations against the D24 cells after 72 h expos-
ure (Table 2). All the extracts except for CT1 and CT2,
were significantly (p ≤ 0.05) cytotoxic compared to the ve-
hicle control (<0.1 % DMSO). Cytotoxicity of all extracts
varied from 19.8 to 91.0 %, with a comparative mean effect
of 52.5 ± 25.2 %. CT5 from Chiang Dao exhibited the
highest activity, which was 5-fold greater than that of CT2
from Map Khae with the lowest activity. Of the 11 C.
nutans samples studied, only CE1, CE4, CT4, CT5 and
CV1 at 2 mg/mL caused > 50 % cytotoxicity.Cytotoxicity of the crude methanol C. nutans leaf extract
against the D24 melanoma and NHDF cells
It was observed that the MeOH extract of CT5 was the
most cytotoxic. Hence, this sample was selected for fur-
ther experiments, including determination of the EC50
for the leaf extract. After 24 h exposure, the MeOH ex-
tract at 1 and 2 mg/mL showed significant (p ≤ 0.05) cyto-
toxicity against the D24 melanoma cells, which caused
66.5 and 48.0 % cell death, respectively, compared to the
vehicle control (<0.1 % DMSO) (Fig. 1). Viability of the
D24 cells fell sharply after exposure for 24 h to lower con-
centrations (0.25 and 0.5 mg/mL) of the extract, even
lower than those exposed for 72 h. However, increasing
Fig. 1 Cytotoxic effect of the crude MeOH C. nutans leaf extract on the D24 melanoma and NHDF cells. The cells were treated with different
concentrations (0–2 mg/mL) of the extract for 24 and 72 h. Data represents mean ± SD from two independent experiments (n = 2). * p≤ 0.05,
significantly different from vehicle control (<0.1 % DMSO). † p≤ 0.05, significantly different between treatment times
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gradual reduction of viable cells.
Meanwhile, all test concentrations of the MeOH
extract significantly (p ≤ 0.05) reduced the percentage of
viable D24 cells after 72 h exposure, compared to the
vehicle control (<0.1 % DMSO) (Fig. 1). Treatment with
2 mg/mL of the extract caused 88.0 % cell death, almost
6-fold more cytotoxic than that with 0.25 mg/mL
(15.3 % cell death). Furthermore, there was a significant
(p ≤ 0.05) difference in cytotoxic effect between 24 and
72 h at 2 mg/mL, suggesting that the observed effect
was time dependent. The EC50 values for 24 and 72 h
were 0.95 and 0.77 mg/mL, respectively.
Also shown in Fig. 1, the MeOH extract showed low
cytotoxicity against the normal NHDF cells, where 24
and 72 h exposure to 2 mg/mL of the extract caused
12.0 and 22.2 % cell death, respectively. The EC50 values
for the extract at 24 and 72 h were > 2 mg/mL, suggest-
ing that the extract was more selective for the D24
melanoma cells than the normal cells.Morphological changes in the D24 melanoma cells
treated with the crude methanol C. nutans leaf extract
The untreated (control) D24 melanoma cells were adherent
and exhibited a smooth surface and elongated structure.
These cells also showed a finely granulated cytoplasm
(Fig. 2a & d). In contrast, the cells treated with the extract
displayed notable cell shrinkage with irregular and rough
form and the cell number were lower than that of controls
(Fig. 2b, c, e & f). More noticeable morphological changes
were observed when the cells were exposed for longer
treatment times and at higher concentrations, which corre-
sponded to the results of the cytotoxicity assay.Induction of mode of cell death in the treated D24
melanoma cells by the crude methanol C. nutans leaf
extract
Treatment of the D24 cells with the extract at 1 mg/mL
for either 24 or 72 h did not induce high affinity for both
Annexin V and 7-AAD, indicating that most cells
(>50 %) were viable (bottom left quadrant) (Fig. 3a &
b1). Similarly, 24 h exposure to the extract at 2 mg/mL
also showed that most of the D24 cells were viable.
However, treatment with 2 mg/mL of the extract for
72 h remarkably increased the number of cells that were
positive to both Annexin V and 7-AAD (upper right
quadrant). This was also shown in Fig. 3b2. When the
cells were treated with 2 mg/mL of the extract for 72 h,
there was a significant (p ≤ 0.05) increase in the percent-
age of late apoptotic/necrotic cells compared to the con-
trol. Besides, when the cells were exposed to 2 mg/mL
of the leaf extract for 72 h, the number of cells that had
undergone apoptosis increased by almost 4-fold than
those exposed for 24 h. This indicated that a long expos-
ure to a high concentration of the MeOH extract was
more likely to induce late apoptosis/necrosis rather than
early apoptosis in the D24 cells.
Confocal microscopy was used to provide a qualitative
identification of both apoptotic and necrotic deaths of the
D24 cells treated for 72 h with 1 and 2 mg/mL of the ex-
tract (Fig. 4). The control (untreated) cells (Fig. 4a-d) did
not stain following the addition of both Annexin V and PI,
which showed that they were viable. Most of the D24 cells
treated with 1 mg/mL of the extract were also negative to
both fluorescent stains (Fig. 4e-h). However, early apoptosis
(Annexin V + ve; PI -ve) (Fig. 4f) as well as late apoptosis/
necrosis (Annexin V + ve; PI + ve) (Fig. 4h) were seen in
several of the D24 cells treated with 1 mg/mL of the
Control 1 mg/mL 2 mg/mL
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Fig. 2 Morphological changes (arrows) in the D24 melanoma cells treated with the crude MeOH C. nutans leaf extract. Phase contrast images
(20×) of cells after 24 h exposure to no treatment (a), extract at 1 mg/mL (b) and 2 mg/mL (c); 72 h exposure to no treatment (d), extract at
1 mg/mL (e) and 2 mg/mL (f)
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the higher test concentration (2 mg/mL) were positive to
both Annexin V and PI, which appeared red (Fig. 4l), indi-
cating the presence of late apoptotic/necrotic cells. The
cells treated with 2 mg/mL of the extract had a higher level
of these fluorescent stains than compared to those treated
with 1 mg/mL, which suggests that the modes of D24 cell
death were dose-dependent. The results obtained from
confocal microscopy were similar to that obtained from the
cytofluorometric analysis.Ultrastructural changes in the D24 melanoma cells
treated with the crude methanol C. nutans leaf extract
As the crude MeOH C. nutans leaf extract was
shown to induce cell death in the D24 cells, morpho-
logical changes in the cells were further analysed by
electron microscopy to detect more details. In the
D24 cells, clear morphological changes were observed
between the untreated control and cells treated with
the extract (2 mg/mL) for 72 h (Fig. 5). The un-
treated cells displayed of normal cell characteristics,
such as microvilli, intact plasma membrane and nu-
cleus with evenly distributed chromatin (Fig. 5a). In
contrast, in the treated cells, there was cell shrinkage, loss
of microvilli, marked peripheral chromatin condensation
at the nuclear membrane (Fig. 5b), segmented/lobulatednucleus and irregular plasma membrane with extensive
blebbing (Fig. 5c).
Discussion
Cytotoxicity against the D24 melanoma cells varies
among the C. nutans leaves obtained from different
locations
This study is the first to show variation in the cytotox-
icity among the crude MeOH extracts of C. nutans
leaves collected from 11 different locations in Malaysia,
Thailand and Vietnam, with diverse geographical and
climatic conditions, against the D24 melanoma cells.
Current findings suggest that the geographical origin of
C. nutans may not be a major determinant for its cyto-
toxicity, but differences in elevation and climatic condi-
tions within a geographical area may contribute to the
variation. Elevation and annual mean temperature sig-
nificantly affected the bioactivity of C. nutans leaves,
suggesting that samples from higher elevations and
cooler climates are likely to have a higher cytotoxic
effect against the D24 cells than from samples col-
lected from lower elevations and warmer air
temperature (Additional file 2: Figure S1).
It has been proposed that environmental factors that
influence growing conditions are important because they
can interfere with the metabolic pathways in plants and















































































Fig. 3 Effect of the crude MeOH C. nutans leaf extract on the D24 melanoma cells. Representative apoptosis profile plots of the untreated and
treated cells after 24 or 72 h exposure to 1 or 2 mg/mL of the extract (a). The percentage of viable (b1), early apoptotic and late apoptotic/
necrotic (b2) cell populations of untreated and treated groups. Data represents mean ± SD from three independent experiments (n = 3).
* p ≤ 0.05, significantly different from control. † p≤ 0.05, significantly different between treatment times
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activities [29, 30]. The results of this study are in accord-
ance with previous research, reporting variations in the
levels of cytotoxicity of samples of different geographical
origins with varying environmental conditions. Ayob
et al. [31] reported that the crude methanol extracts of
Justicia gendarussa (Acanthaceae) leaves from five differ-
ent locations in Malaysia had different cytotoxic effects
on MDA-MB-231 and −468 breast cancer cell lines. In
another study, Basar et al. [32] observed considerable
variation in the cytotoxicity of methanol root extracts of
Glycyrrhiza glabra L. (Fabaceae) samples from nine dif-
ferent countries, which were tested against immortal hu-
man keratinocyte (HaCaT), lung adenocarcinoma (A549)
and liver hepatocellular carcinoma (HepG2) cell lines.
The crude methanol C. nutans leaf extract exhibits
selective cytotoxicity against the D24 melanoma cells
The crude MeOH extract of C. nutans showed signifi-
cant cytotoxicity against the D24 melanoma, but not theNHDF cells, which suggests that the extract is selective
against cancer cells but not normal cells. The selective
cytotoxic effect may be due to the genetic, molecular
and biochemical differences in the mitochondria of can-
cer and normal cells [33], in this case, D24 and NHDF
cells, respectively. Mitochondria generate energy that is
needed by the cells in the form of ATP and they are sig-
nificantly involved in the regulation of apoptosis in the
cells [33]. Cancer cells, in general, have increased meta-
bolic rates compared to their non-tumorous counterparts
[34], which may be related to changes in the mitochon-
drial TCA cycle [35]. This altered metabolism may cause
tumour mitochondria to be unstable [36] and therefore,
making these cells more sensitive to the C. nutans crude
MeOH extract. However, further studies on the molecular
pathways are recommended to gain an insight into the dif-
ferential effects of the crude MeOH leaf extract of C.
nutans has on the cell death pathways in these cells.
Results of this study are in agreement with previous
findings reporting that C. nutans leaves do have
Methanol C. nutans leaf extract, 72 h






























Fig. 4 Confocal images (40 ×) of the untreated cells with no uptake of any stains (a–d) and the induction of early and late apoptosis/necrosis in
the D24 cells after treatment with 1 mg/mL (e–h) and 2 mg/mL (i-l) of crude MeOH C. nutans leaf extract for 72 h. Continuous arrow indicate
early apoptotic cells and dotted arrows indicate late apoptotic/necrotic cells
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cancer cell line were used in the current study. Yong
et al. [15] tested three crude leaf extracts (chloroform,
methanol and aqueous) on different human cancer cell
lines i.e. HepG2, neuroblastoma (IMR-32), lung (NCI-
23), gastric (SNU-1), colon adenocarcinoma (LS-174 T),
HeLa, K-562, and Raji, and found that chloroform ex-
tract had the highest antiproliferative effect against the
latter two cell lines. Another study by Arullappan et al.
[16] tested three crude leaf extracts of C. nutans(petroleum ether, ethyl acetate and methanol) on HeLa
and K-562 cells, and found that petroleum ether extract
had the strongest cytotoxic activity against both cell
lines. The cytotoxicity of the C. nutans crude leaf ex-
tracts may be due to the presence of flavonoids, such as
C-glycosyl flavones, which have been shown in Mimosa
pudica (Fabaceae) [37] and Isodon lophanthoides var.
gerardianus (Lamiaceae) [38] to have inhibitory effects
on the proliferation of cancer cells. Further work, in-
cluding bioassay-guided fractionation of the crude leaf
Control













Fig. 5 Transmission electron micrographs of the control (untreated) D24 cell (a) and cells treated with the crude MeOH extract (2 mg/mL) for
72 h (b & c). Distinct morphological changes, including plasma membrane alteration (white arrow), chromatin condensation (white arrowhead),
blebbing (black arrow) and segmented/lobulated nucleus (black arrowhead) were observed in the treated cells. Cr: chromatin, MV: microvilli, NM:
nuclear membrane, Nu: nucleus, PM: plasma membrane
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pounds, is necessary to verify the specific compounds re-
sponsible for the activity.
The crude methanol C. nutans leaf extract induces
apoptosis in the D24 melanoma cells
This study is the first to examine the modes of cell death
in the D24 melanoma cells treated with the crude
MeOH extract in vitro. Muse cytofluorometric analysis
using the characterisation of biochemical features
(Annexin V to detect apoptotic cells with expressed
phosphatidylserine externalisation on the cell surface
and 7-AAD to distinguish dead cells) revealed a signifi-
cant increase in the percentage of late apoptotic/necrotic
and a significant decrease in viable cell populations, par-
ticularly at the highest test concentration (2 mg/mL)
and longest treatment time (72 h), compared to the un-
treated controls. Besides, visual assessment of the con-
focal images of the Annexin V/PI double-stained D24
cells treated with the leaf extract confirmed the presence
of late apoptotic/necrotic cells, although a few early
apoptotic cells were observed at the lowest testconcentration. Therefore, results of this study suggest
that the extract induced late apoptotic/necrotic cell
death in the D24 cells in a dose- and time-dependent
manner.
Although utilisation of Annexin V, 7-AAD and PI is a
standard procedure to observe the progression of apop-
tosis, this method is incapable of distinguishing between
late apoptotic and primary necrotic cells, since both
groups were positive to Annexin V and 7-AAD/PI [39],
as shown in the Muse cytofluorometric and confocal
analyses results. Therefore, to further determine the
mode of cell death in D24 induced by the crude MeOH
C. nutans extract, detection of changes in cell morph-
ology using other types of microscopy techniques, in-
cluding phase-contrast and transmission electron were
used.
Optical and electron microscopy have been used to de-
tect morphological changes that occur during apoptosis,
although the latter gives better definition of subcellular
changes [40]. Phase contrast images and electron micro-
graphs of the treated D24 cells revealed classical mor-
phological features of apoptosis, including cell shrinkage
Fong et al. BMC Complementary and Alternative Medicine  (2016) 16:368 Page 10 of 12as a result of condensation of organelles and the density
of cytoplasm; chromatin condensation peripherally at
the nuclear membrane; fragmented and/or lobulated nu-
cleus; and extensive blebbing of plasma membrane, bud-
ding into apoptotic bodies consisting of cytoplasm with
tightly packed organelles with or without nuclear frag-
ments [40–43]. Distinguishing apoptosis from necrosis is
difficult most of the time, especially using conventional
histology, and both events can happen simultaneously
depending on factors like the concentration and expos-
ure time of stimulus, the degree of ATP depletion and
the availability of caspases [44]. Nevertheless, some of
the typical features of necrosis include cell swelling,
highly vacuolated cytoplasm and disrupted cell mem-
brane that becomes permeable, resulting in the release
of cellular contents [40, 42]. However, the treated D24
cells did not show the necrosis features when observed
under a transmission electron microscope and hence, re-
sults of this study may suggest that apoptosis as the
most likely type of cell death in the D24 cells, although
the compound or component of the crude MeOH leaf
extract of C. nutans that induced apoptosis is unknown.
Further studies are necessary to confirm that the crude
MeOH extract activates the apoptotic pathway in these
cells.
Several medicinal plant species of the family Acanthaceae
have been reported to induce apoptotic cell death in differ-
ent cancer cell lines. For example, Justicia spicigera
(Acanthaceae) leaves have shown to induce apoptosis in
mouse fibroblasts (3 T3), human cervical carcinoma
(CALO and INBL) [45] and HeLa [46] cells, while crude
leaf extracts of Ruellia tuberosa (Acanthaceae) and
Andrographis paniculata (Acanthaceae) exhibited potent
apoptogenic activity on HepG2 [47] and human oropharyn-
geal cancer cells (KB) [48] cells, respectively. It has been
described that a synergistic activity of interferon (IFN)-γ
and tumour necrosis factor (TNF)-α strongly induces
apoptosis in HaCaT keratinocyte cells [49]. However,
Thongrakard and Tencomnao [50] showed that the crude
ethanol C. nutans leaf extract significantly inhibited the in-
duction of apoptosis by IFN-γ/TNF-α in HaCaT cells.
Nonetheless, it should be noted that the stereotype out-
come either as apoptosis or necrosis cannot always be ex-
pected. This is because induction or inhibition of cell death
modes depends on a number of factors, such as the plant
species, preparation methods (crude extracts, fractions and
isolated compounds), concentrations and exposure dura-
tions of stimuli, cell types and the nature of the cell death
signal [44, 51–53].
Conclusions
In conclusion, it was demonstrated that the crude
MeOH leaf extract of C. nutans was cytotoxic to D24
melanoma cells but was less harmful to normalfibroblasts. The present study also showed that collec-
tion sites with different environmental factors can affect
the bioactivity of C. nutans leaves, where the leaves of
plants grown at higher elevations and lower air tempera-
tures had higher levels of cytotoxicity than those grown
at lower elevations and higher air temperatures. The
crude extract also induced apoptotic cell death in the
D24 cells in a dose- and time-dependent manner. These
observations suggest that the crude MeOH C. nutans
leaf extract can be used to supplement current regimens
used for cancer prevention or treatment. The results are
useful for the development of C. nutans as a potential
chemotherapeutic agent for the treatment of skin melan-
oma and other cancers.
However, further work is needed to identify the active
compound or component in the crude MeOH C. nutans
leaf extract and to determine their anticancer efficacies.
Additionally, further research to understand the under-
lying mechanism in the induced cell death, especially the
cellular signalling pathways involved and in vivo testing
of the observed anticancer activity are essential to unveil
the full potential use of C. nutans in cancer therapy.
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